The Government Performance and Results Act requires that federal agencies measure their performance by comparing the dollars they spend to the good they do. The Corps of Engineers receives funding for nine different program areas, such as flood damage reduction, navigation, and the environment.
Introduction
In 1993 the Government Performance and Results Act (GPRA) was enacted to address three major obstacles that prevent governmental agencies from fulfilling their purposes:
1. Waste and inefficiency in Federal programs undermine the confidence of the American people in the Government and reduces the Federal Government's ability to adequately address vital public needs. 2. Federal managers are seriously disadvantaged in their efforts to improve program efficiency and effectiveness, because of insufficient articulation of program goals and inadequate information on program performance. 3. Congressional policy making, spending decisions and program oversight are seriously handicapped by insufficient attention to program performance and results (Government Performance and Results Act, 1993) .
Each of these obstacles makes it difficult to rank federal agency performance and determine their efficiency. When clear goals and measures of performance do not exist, it is impossible for an agency to evaluate its achievements, define the degree to which it is meeting the public's needs, or to support congressional decision making.
One approach to addressing the goal of GPRA is for federal agencies to collect and evaluate quantitative evidence of their effectiveness. This approach is difficult due to the nature of environmental protection, monitoring and restoration projects. Projects charged with managing or improving natural or environmental processes are characteristically long-term, requiring decades for their impacts to be fully felt. Natural variability in the environment may make detection and quantification of benefits difficult. Often those measures of project performance most appropriate for evaluating the true success of the project may be those most difficult to quantify. Funding for such projects may also be difficult, arising from a variety of sources, involving construction, operations, and maintenance costs, and resulting in a flow of costs and benefits that may occur over several decades.
For example, is a wetland restoration project considered a success when appropriate species have been planted and the hydrology rebalanced? Or is it a success when the plants have grown and the first waterfowl return? Or must real evaluation of success wait for several years, until the water quality and entire ecosystem surrounding that area has improved and all the native species of plants and animals have returned in their natural abundance and distribution? Proper evaluation of success is difficult, and little literature exists on how best to quantify success when evaluating long-term, gradual, and qualitative improvements that result from environmental restoration and protection.
Environmental Database
To better address the mandate provided in GPRA, the United States Army Corps of Engineers (USACE) Institute of Water Resources has embarked on an effort to design a web based tool to aid USACE management in defining and interpreting the performance results of their environmental projects. This tool has been termed the Environmental Database, and it is currently a real piece of work in progress. In designing the Environmental Database there were several goals defined.
• Provide USACE management with a tool to evaluate internal performance and determine where efficiency can be improved.
• Provide stakeholders and the general public improved access to the most important indicators of the country's environmental health.
• Ultimately, provide USACE employees and field personnel a tool that decreases data collection time when completing studies, research or looking at past project performance.
The goals of GPRA are addressed in the Environmental Database in two fashions. A Corps internal performance monitor is available and denoted as the Environmental Encyclopedia. In addition, a search engine to explore external data sources is available and termed the Environmental Clearinghouse. The Environmental Encyclopedia compiles internal Corps data into a spatial GIS web tool. This tool provides spatial analysis in the form of maps, graphs and tables. Examples of such data is the percentage of wetlands rehabilitated or acres of land purchased for reserves. The Environmental Clearinghouse is a broader scale web searchable tool. The Environmental Clearinghouse allows a user to enter environmental keywords and search a database for web sites containing data pertaining to those keywords. The Clearinghouse is designed to find "real", "measurable" environmental information contained on the web efficiently and to rank the likely usefulness of such data in decision support. These tools are not only meant to be useful to Corps management in finding and quantifying performance. It is anticipated that the process of building these two features will highlight areas in which Corps management should gather and catalog additional information to clearly determine its performance and efficiency. The approach used to develop the Environmental Database will determine if sufficient information is available to quantify performance or if such information must be developed on a case by case basis. The Environmental Database can also be useful in promoting healthy peer competition among regional field offices as it provides easily viewable performance information to the public and management. Field workers and individuals can also use the Environmental Database to gather data for an EIS or for personal research.
Environmental Encyclopedia
The Corps' Environmental Encyclopedia (EE) is designed to be a web accessible environmental database system that can monitor and manage the Corps Civil Works environmental investments at the national, regional, state and watershed levels. The application envisioned is useful at the national level and oriented towards program performance evaluation, assessment of specific environmental trends, and quantitative analysis of specific regional and watershed effects through a browser front-end. A number of modeling requirements were defined prior to initial construction of the EE. A determination of where USACE data resides, its current form, and how this information can be displayed as results used to indicate successful or unsuccessful performance by the Corps. The Corps currently has several databases that contain related information, among these are:
• OMBIL a tool designed to facilitate performance based management of Corps' O&M programs,
• DPN an online version of the paper-based Corps project notebooks that contain essential facts on completed projects • EngLink a utility designed to improve management of responses to natural disasters.
Each of these databases is designed for a specific purpose. For example, OMBIL evaluates performance in relation to O&M expenditures only and focuses on all aspects of the Corps work, not just environmental issues. The EE is narrower in that it focuses only on environmental information, but broader in three ways: it will include environmental outputs beyond the Corps O&M program; it will include different types of data (spatial, temporal and statistical) and the time period in which data is collected will be longer.
In its first stage, the EE will contain environmental information pertaining to ecosystem restoration projects falling under four authorities (Section 1103 -Upper Mississippi River System, Section 1135 -Ecosystem Restoration, Section 204 -Beneficial Use of Dredged Materials, and Section 206 -Aquatic Ecosystem Restoration Environmental Management Programs). Eventually, environmental outputs from all Corps project types as well as regulatory mitigation will be included. All project level information residing in the EE falls into one of these four categories. None of this data is currently stored in a USACE database; it is stored in a myriad of documents and spreadsheets across the Corps. This will make data collection/migration somewhat difficult, as most data will have to be entered by hand. The continuing collection of data will be done by IWR.
The EE is currently an on-line database of environmental information that utilizes a GIS interface to provide a proof of concept that an online spatial tool could be developed for analyzing, managing, and improving the Corps environmental performance. The site demonstrates the ability to zoom into a truly spatial representation of Corps projects across the nation and retrieve data about each through a GIS interface. The EE also provides methods of viewing or analyzing visual representations of existing data through an Internet browser. The EE incorporates the use of stacked bar graphs and pie charts to represent and compare acreage, construction costs, and costs per acre for wetlands by authority and year. Since each project residing in the CEE contains data with spatial attributes, maps are employed to represent center lat/long points of wetlands bounded by Corps Districts, Corps Divisions, States and Congressional Districts. The GIS functionality provides the user with a significantly powerful tool for selecting specific regions of data for analysis. In the future, the EE will provide a GIS interface to assist in the input of data to the system as well.
Software Requirements
The EE allows multi-user access from any computer with a web browser and Internet access. The system has a transparent, scalable architecture in which one server is utilized to accept multiple requests and each request is handled individually. Since the system is completely thinclient, any modifications, updates or additions to the application will occur on the server and will not affect or require anything of the users. The EE was developed in two parts, a client JAVA applet and a server application. The purpose of the client's JAVA applet is to provide a graphical user interface (GUI) to the user. For the applet to work, the client's browser must support JAVA. Through this interface the user can interact with the available data to view bar graphs, pie charts or maps.
The server is a Microsoft Visual Basic application with two main functions to serve maps and return graphs. The server accepts requests from the clients and performs the required action and returns the desired graphical information. By using a Visual Basic application as the server, OCX controls may be used to create images of maps or graphs that can be viewed over the web.
Currently embedding an OCX control into a web page is only available through the use of Microsoft IIS server, hence defeating its portability. However by simply using images, these maps and graphs can be viewed in any web page without restriction.
Figure 1. Client-Server Communication
To serve the maps, the server has a Map Objects OCX control embedded in a form. When a request for a map is received through the WebLink tool, the server performs some action to the OCX control, and sends a location of a map image, or information back to the JAVA applet. The applet then either displays the image or opens a new window with the requested information. The actions that can be performed on the map include:
• Add or remove layers. By adding or removing a layer, the user will be able to customize specific information that they wish to view. Layers that are referred to here are actually ESRI shape files. These shape files are generated using GIS tools such as ESRI's ArcView GIS. For example, the user may not want to see the State layer, and wish to see the Corps District layer.
• Zoom in and out. These actions allow the user to increase or decrease the area of view. When the user zooms in, they will see a smaller area of the map at a higher level of detail. Zooming out is just the opposite.
• Pan the map in 360 degrees. This action will allow the user to simply click on the map and drag it in the direction they wish to view. This action will not increase or decrease the area of view, but rather change the location that is being viewed.
• Retrieve information pertaining to a specific layer. By clicking a location on the map the user will receive all relevant information to that location and layer. That is to say that if the user was currently on the State layer and clicked at location X,Y, they would receive any state information at that location. By simply changing to the Wetland layer and clicking the same location, they would receive information pertaining to any wetlands at that location.
The server has an OCX graph control embedded in a form, which serves the graphs. When a client requests either a pie chart or bar graph, the server queries the database for the information. The information is then entered into the graph and an image is produced. Once the image has JAVA Applet Visual Basic JAVA Applet Map Object IMS Server using a Map Objects OCX JAVA Applet been created, the server then sends the location of the newly created image to the JAVA applet, which it then displays.
Communication between the client and server is provided through the use of the Map Objects, Internet Map Server (IMS). The IMS acts as a relay between the server and clients, transmitting signals as necessary. Requests originate from the client and are sent via the client's JAVA applet to the IMS; the IMS then forwards the proper requests to the Visual Basic Server. When necessary, the Visual Basic Server sends signals to the IMS through the use of WebLink (a tool provided with Map Objects OCX). The IMS then relays the signals to the JAVA applet.
Environmental Clearinghouse
The Environmental Clearinghouse (EC) design process was a more ambiguous task due to the goal of designing a database with access to any web site with a reliable source of environmental information. In the last ten years the web has become a rich, but extremely intricate, source of information. If relevant sites have not already been identified, hours of searching and sifting through extraneous information may be required to locate useful information. The goal of the EC is to provide a direct path to "real" data that will assist Corps management and staff in making informed program decisions and determinations on former project performance.
As noted previously, the extended life cycle of a major project complicates determining environmental program performance. A common pitfall is to gage success by activities completed to achieve a goal rather than actual outcomes of those activities (Metzenbaum 1999) . The intent of the EC is to help avoid this pitfall and to provide a tool that can help track the success of projects and remediation activities. Although a challenge, this approach has worked for other government agencies. For example the Florida Department of Environmental Protection (DEP) has implemented a tiered environmental performance system whose focus is less on the actual projects and more on the current state of Florida's resources which are managed by that department (Florida DEP 1999) . The scope of the USACE activities is much larger than the Florida DEP. Therefore a database of web searchable, environmental information will be a useful tool. The developmental approach of the clearinghouse is long-term. This project is in its initial stages, and it will take time to bring the tool to fruition. Maintenance of the tool will present a challenge, requiring periodic updates, modification, and corrections. This issue is discussed further in later portions of this paper.
Data Types
The first step in designing the EC was to define the type of data that is necessary to support the Corps in its fundamental tasks. The outline for the preliminary database included the following broad categories of environmental data:
• People including population, employment, cultural resources and economic indicators • Flora and Fauna including endangered and threatened species, birds, fisheries, plants • Water Quality including drinking, lakes and rivers, groundwater, wastewater, non-point source pollution
• Water Quantity including streamflow, lake levels, precipitation, groundwater, water use • Air Quality including emissions, regional air quality • Land including forests, wetlands, floodplains, superfund, brownfields, facilities with hazardous materials Based on conversations with USACE personnel, it was determined that a cross-categorization of this data was necessary to determine how the data was organized in each of the sites. These additional categories are based on whether the data is organized or presented spatially, temporally, statistically or descriptively.
To make the EC superior to more general search engines such as Metacrawler.com or google.com, the sites contained in the EC had to have data specific to environmental decision making and have characteristics that made it useful in decision making. Each site entered in the EC is thoroughly researched for data content and useability. The intent is to provide as direct access to data as possible, eliminating the need to sort through multiple layers of useless information. For example, the EPA has several databases that can be reached from their main web site. Rather than having a single link in the database to their home page, the EC has a link to each database within their web site, a description of what a user can expect to find there and a rating of that site.
Review Process
After developing environmental data categories, a ranking system was created to guide the user to the most appropriate web site for the data they needed. With a standardized and reliable ranking system, a user can investigate only those sites that have a high degree of relevance to his needs. Ranking factors to help support this process are still being finalized, but several key features were determined to indicate the reliability and relevance of web sites. Some of these features are qualitative and therefore may vary with individual perception, while others are strictly quantitative. The initial ranking factors include:
• Visual clarity navigation bar should be fixed on the top or on the left, proper use of frames (nesting, improper frame/html relationship), window auto-resizing, major links are clearly visible on the page.
• Data reliability site last-update-date displayed, data source and contact information clearly displayed (not webmaster account).
• Site organization site map, site search tool, site definitions available.
• Site usability usability (useable by the average, amateur, professional, internal employees only), all data available to all users, software downloaded needed for proper function. These rankings are then compiled into two major indicators, site quality and data quality.
Software Requirements
After classification and ranking each site was then inserted as a record into a Microsoft ACCESS database. ACCESS was chosen for its reliability, accessibility and availability. Standard Query Language (SQL) was used to design database queries. SQL is a standardized language and is therefore non-database specific. This allows for changes to the database software if desired.
FrontPage was utilized to develop the preliminary web site but will probably not be used for future revisions due to the rigidity of it's programming interface.
Search Engine
The preliminary web page for the EC was designed with both a text/link based interface as well as a keyword search interface. To design a searchable yet accessible tool, it was determined that keyword searches using pre-made keyword lists would be the most efficient. A list of standard keywords was developed representing everything from migratory birds to toxic/chemical release. Multiple keyword combinations can be chosen as well as different data types (spatial, statistical, descriptive or temporal). A user can either follow hyperlinks through the web site to view all web sites under a particular category (categories are described above) or they can use the query tool to enter keywords and data types to retrieve specific records from the database.
Conclusion
The environmental database provides many advantages over a typical report based performance management system. First and foremost, the discipline of creating a database that assists in actualizing the fuzzy notion of quantified environmental performance will define current shortfalls and future requirements in Corps reporting. Second, the development of a web site ensures that this information will be available to all Corps employees, promoting pride in work and healthy competition to improve among Corps districts and offices. Lastly, the Corps' commitment to a living web site ensures that information will be updated more frequently than would a yearly document and that the performance information can be searched, customized and retrieved as needed. Both the EE and the EC will decrease the time spent by employees searching for environmental information for reports, studies and comparative data.
While there are many advantages to the described approach, there are also disadvantages to the ideas described in this paper. The concept of evaluating the environmental performance of an agency is in its infancy; the ecological and political challenges to creating a meaningful system are great enough that many people would say that the probability of success is small. There are no prescriptions on how to accomplish this goal and few similar projects exist from which to learn. Also much of the data that are needed for this project is currently either not in a useable form or not being collected, and some changes in data management will be required for implementation. Lastly, even if the ED is completed successfully, the system will require constant maintenance to be successful.
With proper planning and implementation the Environmental Database could become useful to many people, both within and outside the Army Corps of Engineers. The database will contain data on how well the Corps is performing its environmental mission and how cost-efficiently money is being spent. The site will also contain useful information regarding environmental data external to the Corps function. This data will allow Corps employees and individual users to obtain environmental information quickly and easily.
